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Abstract: Designers have developed a vast array of rich interactions to stimulate the
mind and body. While much of the focus has been on creating visual systems (such as
in VR), there is increasing interest in developing ways to reproduce touch sensations.
This turn suggests a desire to create interactive experiences that involve our whole
bodies and not solely our visual senses. However, a major part of the human sensorium
has been neglected: our chemosensory systems, the sensory pathways that respond
to chemical stimuli. Chemical receptors exist all throughout our body and are
embedded throughout our skin. In this paper, I discuss my recent explorations in
chemosensory interfaces for the skin and what possibilities it enables for the
interaction design community. I outline my process of designing with these sensations,
discuss how the chemical haptics approach induces uniquely complex sensations, and
speculate on chemosensory design futures.
Keywords: chemosensory interfaces; skin interfaces; human computer interaction

1. Introduction
When imagining the future of bodily interfaces, much of science fiction media envisions how
devices could extend our sensory apparatus or simulate new realities. These visions are
gradually becoming a reality. Technological developments have made photorealistic virtual
reality experiences possible and emerging haptics technology research is constantly
generating new ways to simulate force and touch sensations on the human body. In most
cases, our body’s senses become augmented by the addition of extra mechanical and digital
pieces.
Here lies a tension in the future of bodily interfaces – these extra mechanical and digital
pieces are not bio-compatible with the body and don’t reflect the innate ways our bodies
absorb and process data. Recently, Human Computer Integration, a research direction
concerned with computational interfaces that are closely integrated with the human mind
and body, has laid this out as a main challenge for enabling stronger fusions between
devices and bodies (Mueller et al., 2020). The rigidity of most device materials does not work
well with our mostly soft and fleshy bodies, and often, our bodies are forced to adapt to the
devices.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0
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Rather than visions of the future where our bodies adapt to machinic postures, what if we
engaged more closely with our body’s current biological designs? More specifically, what if
we explored the chemical pathways of stimulation throughout our bodies?
I explored this line of thinking as part of a project that uses chemicals to generate haptic
feedback on the skin. While the technical aspects of this project are discussed at length in
the previous publication (Lu et al., 2021), here I explore the project from a different
dimension, focusing on the design process insights and how chemically interacting with the
skin allows for new bodily relations with devices.
Below, I summarize the work and existing practices of applying chemicals to the skin before
discussing related work on chemosensory interfaces and bodily design. I reflect on how
chemosensory interfaces enables us to open new design spaces that contest bodily
boundaries and draw from knowledge across fields of medicine, food, and cosmetics. I
include my reflections on what associations can be elicited from the chemically generated
sensations as well as from the use of chemicals as an interactive material. Last, I present
how future design research into chemical haptics has strong synergies with soma design,
slow technology, and more-than-human design.

2. Chemical haptics: actuating the skin via absorption
Before any information is processed by our brains, receptors throughout our bodies respond
to stimuli whether that’s in the form of touch, temperature, or, in our case, chemical. This
process happens more commonly when we eat or smell, but most all receptors in our body
can be triggered chemically including those across our skin. While the chemosensory
pathways of taste and smell are also interesting, in this paper I focus on the skin as a site for
chemical stimulation.
Though we often think of our skin as a barrier, keeping our internal organs safe from foreign
substances, it is also an extremely absorptive surface. The skin has an array of complex
sensing mechanisms throughout it. Scattered across our skin are various mechanoreceptors,
pain receptors, thermoreceptors, and more. Just as these sensory receptors can be
stimulated via their respective external stimuli, they can be stimulated chemically.
In the work, Chemical Haptics (Lu et al., 2021), this idea is explored by rendering various
sensations with the application of chemicals to the skin. Our team tested six chemicals:
menthol (cooling), capsaicin (warming), methyl salicylate (warming and cooling), sanshool
(tingling), lidocaine (numbing), and cinnamaldehyde (stinging). We mapped out the
perceived sensations over time as chemicals were applied and removed from the skin of
study participants and studied their use for haptics in an interactive VR experience.
Additionally, we designed two wearable device forms, showcasing how a chemical delivery
system could be worn on the skin.
This approach could be leveraged for creating more realistic VR experiences by enabling a
wider variety of skin sensations. However, I am also excited by how others in various design
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communities might employ it for bodily play, bodily estrangement, or other bodily
experiences. In this paper I aim to connect my reflections on designing with chemical haptics
to design concepts from various communities.

3. Reimagining bodily interaction design
When designing with Chemical Haptics, I was forced to think deeply about the skin and the
complex bio-chemical structures that constitute it. This led to many reflections about how
Chemical Haptics could explore new relations to the body, or perhaps, more expansive
conceptions of the body. These reflections were significantly influenced by previous works
from the design community calling for new approaches to bodily interaction design or
historical approaches to chemically stimulating the skin. Below I discuss the works I draw on
and their connections to chemical haptics.

3.1 Contesting bodily boundaries
When designing novel technologies for the body, particularly in the form of wearables, most
aim to create devices that feel like a seamless extension of the body. As such, materials that
are softer and more conformable have become more popular over hard plastic and metal
materials. On-Skin Interfaces are similarly invested in exploring materials and techniques
that feel like extensions of the skin. In an exploration for designing On-Skin Interfaces for
recreational running (Restrepo-Villamizar et al., 2021), “skin kinship” and “bodily relatability”
were among their main design principles. Working with the skin, a biological structure that
constitutes the main boundary of the body, allows for us to explore interesting experiences
that confuse whether machine or human user is doing the “touching” and “feeling” on the
skin.
Soma design has emerged as a compelling design approach for attuning designers to their
bodies and senses with a focus on aesthetic experiences. I build on concepts from soma
design (Höök et al., 2019) in reflecting on how chemosensory interfaces can engage with and
contest bodily boundaries in interesting ways. Fundamental about these chemosensory
interfaces is that they are not generating an external sensation like with vibromotors or
heating elements, but rather delivering chemical ingredients that react with receptors that
enable an internal generation of the perceived sensation. In other words, it is only upon
absorption of the chemical by our body that users feel sensation. This enables for a whole
new means of engaging with the body’s senses or calling attention to the body.
Desiree Förster discusses this in depth, using the term “aesthetics of metabolism” to
describe the aesthetic experiences of attuning to one’s own bodily processes and their
environments (Förster et al., 2021). Förster explains that our bio-chemical or metabolic
processes link us to the natural world and leveraging this in the design of aesthetic
experiences allows for us to explore our interconnectedness.
This also enfolds Maria Puig de la Bellacasa’s discussion of “touch” blurring the boundaries
between subject and object – “engage viewer and image in an immersed bodily relationship”
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(Puig de la Bellacasa, 2009). Similarly, I argue interactive devices that employ the chemical
haptics approach allow for interesting relations to develop between device and user. The
haptic sensations generated are constituted by both human user and machine. The device
delivers the stimulant but relies on the user’s bodily systems to absorb and then perceive
sensations.

3.2 Becoming more familiar with our chemical environments
Though in the digital age, people have become more attuned to processing bits of
information via our electronic devices, chemical compounds make up a significant part of
our daily lives. When washing our faces, the cool, refreshing feeling in most face washes is
due to chemical interactions. They are also heavily embedded in medicinal and therapeutic
products such as balms or sprays for pain relief. There are also chemical interactions
commonly avoided such as chemical pollutants, pepper spray, poison ivy. Even though we
encounter chemical compounds ubiquitously, the undesirable chemical interactions have
dominated our associations with chemicals.
“Chemical interactions” feels reserved for spaces like the lab or factory, where extensive
safety measures are in place. Thus, I am excited about the future possibilities when
chemicals become a design space to play with and explore. Could we reorient the way we
think about chemicals? And if we do, might we become more attune to the chemical
linkages that cross between human and non-human?
Recently, design communities have encouraged us to move away from anthropocentric
design thinking and towards exploring the entanglements and interdependencies between
humans and non-human actors (Alaimo, 2010; Forlano, 2017). Developing a better
vocabulary with chemosensory interfaces might enable us to imagine richer connections to
our more-than-human counterparts. Just as other organisms (amoeba, fungi, etc.) use
chemical signals to interact and process their environment, so do people. If chemicals
become more common in our library of materials to work and design with, how might that
extend to learning and interacting with more chemical processes such as those in the natural
world?

3.3 Historical and contemporary chemosensory interactions
In my work in developing chemosensory interfaces, I draw inspiration from and want to
uplift existing traditional knowledge that has been passed on through centuries and
primarily seen as a “low-tech”. Traditional Chinese Medicine has used chemical compounds
in balms and ointments for centuries, popularly known in the form of the products Tiger
Balm, Eagle Oil, and others (Ng, 1998). Similarly, African medicines have used various herbal
products and plant extracts for topical use (Mahomoodally, 2013). Topical medicines have
been used across the world in various cultures and contexts, and I was inspired by these
histories when designing with chemical haptics.
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Nowadays, chemosensory interactions can also be found in various products. For Chemical
Haptics, we primarily worked with those used in over-the-counter medical products or in
various cuisine. On the other hand, chemosensory interactions are also used extensively in
sex gels for topical stimulation. Also, many products in cosmetics and dermatology are also
formulated to create various refreshing or tingling sensations. Clearly, chemical interaction
with the skin is not a new idea but has seldom been thought of as a material for design.
I draw from these other cases of chemical interactions in imagining the future of
chemosensory interfaces which combine these traditional approaches with new materials
and technologies. By doing so, I believe we will enable interesting spaces, practitioners, and
techniques from bridging emerging interactive technologies with practices of the past or
areas like cosmetics and sex gels that are not commonly associated with the frontiers of
technology.

4. Chemical haptics design process
While chemical interactions might seem like something to be formulated and designed in a
lab space, there is a wide spectrum of chemical interactions, and many are extremely
accessible. In fact, many people are likely to already have experiences with various
ointments and topical products that they can draw on for designing chemical interactions. In
fact, our work on Chemical Haptics started similarly. Here, I outline my team’s process in
designing chemical haptics and showcase how others can similarly explore this design space.

Figure 1. A collage of photos taken during the process of buying chemical products from a local drug
store and grocery store and exploring their sensations when applied to the skin.

4.1 Accessibility of materials
Most all the chemical compounds explored can be found in either your kitchen or your local
drug store. Many of these chemicals come from natural sources such as mint, chili peppers,
wintergreen, Szechuan peppercorns, or cinnamon. They are also found in essential oils for
aromatherapy or pain and itch relief products. This makes playing around with and
experiencing chemical interactions much easier as getting the chemical ingredients is a trip
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to the grocery or drug store away if they aren’t already present in the home. As shown in
Figure 1, I explored a variety of products and formulations by scouting the topical aisle at our
local drug store and mixing food products at various concentrations. Out of concern for
safety, I recommend designers stick with formulations and concentrations tested and sold to
consumers. Designers can also cross reference chemical concentrations of existing topical
products via DrugBank, an online repository for drug data (Wishart et al., 2018).

4.2 Device designs and methods for delivery
Those interested in creating devices to deliver chemical ingredients to the skin can use a
variety of materials ranging from very low-tech to high-tech forms. In designing delivery
mechanisms for chemical haptics, our team created four forms of devices, varying in
complexity. In all four, we use a silicone patch with an open channel to the skin and circulate
the chemical liquid in a closed loop.
In the simplest design, we used a silicon patch with two pipettes inserted into the ends of
the channels. This was adhered to the skin by wrapping a bandage over it. This enabled easy
use for various arm sizes and could allow for mounting of this delivery system on various
skin sites. The pipettes (loaded with the chemical liquids) were compressed manually by the
user to deliver chemicals to the skin.
In the second delivery system, we used a desktop device that digitally controlled pumps and
used a “plug-and-play” system to connect chemical reservoirs and silicon sleeve via tubing.
The silicone sleeve used Velcro to create a good seal against the skin across users of varying
arm size.

Figure 2. An overview of the two more user-friendly versions of chemical haptics application designed
for our project. On the left, a manual pump with silicone patch adhered to the skin via
bandage wrap. On the right, a plug and play system with digitally controlled pumps.

The third system was designed to deliver stimulants to the cheeks. We used skin safe tape to
adhere small silicone patches to the cheeks which were further compressed by a headset.
Then, via tubing, those silicone patches were connected to a central control unit which
contained pumps, reservoirs, and microcontroller. This model – central control unit to
peripheral patches could be used to stimulate various locations on the body.
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The last most complex device was a sleeve that had all electronics, pumps, and open
channels integrated in silicone so that it was fully self-contained. This version of the device
was designed to feel like a second skin.
I demonstrated that a variety of methods ranging in complexity could be employed for
design of delivery systems for chemical haptics when using a silicone patch, but other
materials could be used too including gauze/fabric, gels, oils, etc.
The integration of interactive devices (more hi-tech forms) allows for more programmability
when utilizing chemical haptics and incorporation of these sensations with other digital
stimuli (such as VR). Doing so allows designers more flexibility when designing with chemical
haptics but is not necessary. In fact, unique experiences may be designed to emphasize the
process of applying the chemicals to the skin or observing the absorption of these chemicals.

Figure 3. On the left, a picture of a user wearing our headset device, delivering chemical stimulants to
the cheeks under the headset. On the right, our user interacting with our sleeve device,
delivering chemical stimulants to the forearm.

4.3 Approaches in designing with chemicals
When I imagined what interactive experiences to design with our chemicals, much of my
process revolved around testing chemicals on myself and others in various amounts,
reflecting on what these sensations felt like, and then designing around these insights. While
the previous work attempted to quantify the sensations felt in a temporal check all that
apply study charting the appearance and disappearances of sensations across time on
multiple study participants, one can only use the subjective, reported experience to measure
these sensations. As designers we can vary concentration, time, and amount of chemical
ingredient delivered, but otherwise must rely on the body to absorb and process the
stimulant. As explored by Claudia Núñez-Pacheco, this “lack of direct access” to what the
body is feeling can be an opportunity for highlighting subjective experiences that arise from
the body rather than easily measured via external tools (Núñez-Pacheco, 2015). This reflects
our experiences when designing with chemical haptics - specifically, the difficulty in
expressing and quantifying the sensations experienced. In many uses of chemical haptics,

7

Jasmine Lu

users questioned whether they were feeling the “correct” sensation and had to think deeply
about how they were perceiving the sensation on a localized area of the skin.
To help readers get a sense of what these chemically induced sensations feel like on the skin,
I’ve provided brief descriptions of what these have felt like for me. As noted in previous
work, there is a level of variability across people and as discussed, these sensations can only
be noted subjectively. Thus, designers may use these descriptions as starting points for
designing with chemical haptics, but I recommend self-testing and testing on others to build
a stronger vocabulary of these sensations.
Warm/Hot Sensations via Capsaicin
When applied to the cheeks, capsaicin feels like an intense sun shining on my face or feeling
my face flush from embarrassment. On the arm, capsaicin can change from the gradually
increasing warmth that’s spreading through my arm to an intense, directed heat. In both
locations, the feeling is like being in the presence of fire. Others may have previously
experienced this sensation when interacting with hot patches or cooking with chili peppers.
Cold Sensations via Menthol
On the cheeks, menthol feels like cold winter air blowing on the face. On the arm, it feels like
pressing your skin against the glass of an iced drink. Others may have previously experienced
this sensation with cold patches, using topical products for a refreshing effect, or chewing
minty candies.
Hot/Cold Sensations via Methyl Salicylate
After application, methyl salicylate oscillates between hot and cold sensations. Cold
sensations tend to dominate but can start to morph into warmth. Often, these transitions
feel like a slight cold that changes into the feeling of a too cold ice cube placed on the skin
(painful cold) to the feeling of the skin warming back up (like returning indoors after being in
the freezing cold).
Tingling via Sanshool
On the face, sanshool feels like a very light contact high frequency vibration, somewhat like
vibrating face cleansing devices with bristles. On the arm the tingling sensation feels a little
like the prickly sensation when my arm is waking up after it has fallen asleep or become
numb. Others may have previously experienced this tingling sensation on their lips when
eating foods with Szechuan peppercorns.
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Numbing via Lidocaine
The numbing induced by the lidocaine was the lightest sensation of those explored. For me,
it felt like tactile sensations were blurred or softened and I felt a fuzzy sensation in my skin
when touching the stimulated area.
Stinging via Cinnamaldehyde
Sensations from cinnamaldehyde felt very similar to the fresh sting after a cut to the skin or
open wound. Previous literature has also noted it as inducing itch along with pain.

5. New sensations, new interactions
Here, I focus primarily on the work Chemical Haptics to explore what unique properties
chemicals as a material have for the design community. As such, I concentrate on the
following chemical-sensation pairs: capsaicin to induce warming, menthol to induce cooling,
sanshool to induce tingling, cinnamaldehyde to induce stinging, and lidocaine to induce
numbing. While the previous paper provides technical details for the use of chemical
haptics, here I reflect on our experiences of these chemicals and what interactive
experiences they could be used for.

5.1 Expressive and affective haptics
Chemically induced sensations have a novel quality where they feel like the body is internally
inducing the sensation. In my experience, this enables sensations to feel more emotionally
imbued. For instance, capsaicin on the cheeks feels like intense blushing. Similarly certain
emotional associations to sensations like temperature can be played upon – i.e., a chilling
cold or a loving warmth. Additionally, the sensations generated by chemicals (especially the
temperature-related ones) are incredibly rich and expressive because they are being
absorbed which leads to changes in intensity and sensation over time, creating a very
complex experience.

5.2 Designing with danger and discomfort
One of the strongest, most compelling sensations I designed with was the stinging induced
by cinnamaldehyde. Similarly, capsaicin is known to induce pain at higher concentrations,
most notoriously in the form of pepper sprays. For many (and rightly so) this is cause for
immediate alarm. While I are firmly against the design of technologies for harm and would
strongly contest the use of this technology as a form of violence, I think pain is a bodily
experience that is worth exploring.
More generally, chemical compounds are generally avoided out of concern for safety. I draw
from Material Driven Design (Karana et al., 2015) to recognize that chemicals, which have
various associations including dangerous substances or more natural ways of knowing in
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different cultural contexts, have layers of meaning that designers can exploit in their
creations.

5.3 Subtle, minimally perceptible, and ambiguous haptics
One of the most interesting qualities of chemical haptics is how it makes the body strange to
oneself. In our day to day lives, it is not often that we feel intense heat or cold on only one
location of the body, feel tingling on the cheeks, or feel numbness on the skin. It also feels
surreal to observe a small amount of chemical ingredient inducing such an intense effect.
Thus, without knowing what chemical ingredient is applied and without additional context,
users often are questioning what exactly they are feeling.
When applied, these chemicals can also generate sensations that range from being subtle,
minimally perceptible, or ambiguous. Designers can use these aspects in their interactive
experiences to elicit new sensory experiences that are not necessarily modelled after
realistic sensations or perhaps, allow for sensations to convey more abstract meanings.
As an example, lidocaine offered us an interesting but complex sensation to design with –
numbing. When designing with lidocaine, I found that people recognized a difference in
sensation only upon touching the skin after lidocaine was applied to it. Thus, I designed the
interactive experience to have touching the skin an essential component. The “numbing”
sensation perceived was very minimal but when paired with suggestive visuals, allowed us to
convey a holographic arm in a sci-fi experience with haptics. This experience was particularly
interesting to me as, if further developed, it could enable interesting new illusions of bodily
ownership or transformation.

5.4 Slow-changing and long-lasting sensations
The timing of chemical haptics is much harder to control than traditional haptic devices.
There is no discrete on or off with the chemical approach. Instead, there is a gradual build up
and gradual waning of haptic experiences that aligns with the absorption and metabolic
processing of the stimulant. Such a quality affords interesting combinations for designers
who can play around with timing and intensity of chemical compounds.
One of the main principles of the design philosophy of slow technology (Hallnäs & Redström,
2001; Odom et al., 2012) is to design for slowness, solitude, and mental rest. This is
specifically explored in contrast with more common trends in technology for utility and
immediacy. The slowness involved in the absorption of chemical stimulants to the skin and
eventual fading naturally complement this principle. While, compared to traditional haptics,
our approach offers less control over the onset and offset of our sensation, the experiential
qualities of a slow-changing and long-lasting haptic stimulation are unique. Users are forced
to attune to the speed of their bodily reactions rather than the speed of the machine.
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6. Future of chemosensory interactions
I believe that chemosensory interfaces could offer interesting new directions in thinking
about the future of bodily interactions. Exploring chemicals as an interactive material allows
for experiences that transcend bodily boundaries and invites connections to other biochemical processes in our environments. Moreover, chemicals as a material feel more akin
to our inherent biological structures, enabling devices that actuate us in ways that feel like
more seamless extensions of the body.
Our body is already a site for various bio-chemical processes. Additionally, we have many
devices that are meant to help regulate and interact with such metabolic processes, many of
which involve medical applications. For example, insulin pumps and glucose monitors and
those that depend on these devices are deeply intertwined, constituting new forms of
entangled bodies between human and machine (Forlano, 2016). Bodily fluids could also offer
rich material for working with chemicals. As others have noted in research through design
projects, designing with fluidics and the body, while potentially a messy experience, can
enable experiences that feel more “natural” (Helms, 2021; Restrepo-Villamizar et al., 2021).
Chemical interactions might be similarly paired with our bodies’ bio-chemical processes to
generate new sites of knowledge for our bodies.
We are all sensitive to chemicals, but there is a range of chemical sensitivities.
Acknowledging this as a “sense” and designing around that, enables us to imagine new
interfaces and ways of sensing the world. This sense has not been traditionally used in our
bodily interactions, so I am excited by the possibilities of what might happen when we
develop a better language for chemosensory interactions. One could imagine chemical
sensations translating chemical signals in an environment such as pollutants or carbon
dioxide levels.
Chemical interaction could be more synergistic in designing with these other more chemical
or biological material compared to the mechanical or digital components traditionally used
in interactive experiences. I am especially excited about what new relations to our bodies
and environments might arise as more people explore chemosensory interfaces.

7. Conclusion
In this paper, I explore how designing with Chemical Haptics can create new bodily
interaction design spaces that work with our chemosensory pathways and use more biocompatible materials. In doing so, I believe we open the door for more complex relations
between human and device as well as between human and more-than-human counterparts,
especially those that transmit chemical signals. Additionally, Chemical Haptics creates
compelling, complex sensations because it stimulates the receptors responsible for
generating these sensations, rather than focusing on creating the sensations themselves.
Designers can leverage this and the complex material associations of chemicals in creating
unique and novel interactive experiences. With this paper, I hope to connect our work to

11

Jasmine Lu

various design principles in hopes of inspiring other designers to explore and further develop
this chemosensory language. I believe the Chemical Haptics approach can be particularly
powerful for design practices and am eager to see it used to develop new insights about
bodily interaction design.
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